The denatured state of Engrailed Homeodomain under denaturing and native conditions.
Protein folding starts from the elusive form of the denatured state that is present under conditions that favour the native state. We have studied the denatured state of Engrailed Homeodomain (En-HD) under mildly and strongly denaturing conditions at the level of individual residues by NMR and more globally by conventional spectroscopy and solution X-ray scattering. We have compared these states with a destabilized mutant, L16A, which is predominantly denatured under conditions where the wild-type is native. This engineered denatured state, which could be directly studied under native conditions, was in genuine equilibrium with the native state, which could be observably populated by changing the conditions or introducing a stabilizing mutation. The denatured state had extensive native secondary structure and was significantly compact and globular. But, the side-chains and backbone were highly mobile. Non-cooperative melting of the residual structure on the denatured state of En-HD was observed, both at the residue and the molecular level, with increasingly denaturing conditions. The absence of a co-operative transition could result from the denatured state ensemble progressing through a series of intermediates or from a more general slide (second-order transition) from the compact form under native conditions to the more extended at highly denaturing conditions. In either case, the starting point for folding under native conditions is highly structured and already poised to adopt the native structure.